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(57) Abstract 



An intraocular lens (10) for use in a mammalian 
eye having a natural lens (50), the intraocular lens 
(10) including a lens body (12) sized and adapted 
for placement in the eye (20), and having a baseline 
optical power and at least one optical add power. The 
at least one optical add power is reduced relative to the 
corresponding optical power of a similar intraocular 
lens adapted for placement in a similar eye in which 
the natural lens has been removed. 




BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


COte dTvohr 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/66039 



PCT/USOO/11730 



MULTIFOCAL PHAKIC INTRAOCULAR LENS 

Background of the Invention 

This invention relates to multifocal intraocular 
lenses. More particularly, the invention relates to 
multifocal intraocular lenses adapted for use in a phakic 
5 eye, that is in an eye which also includes the natural 
lens . 

Intraocular lenses (IOLs) are commonly used to modify 
vision. For example, IOLs are used to replace the natural 
lens of the eye when warranted by medical conditions. A 

10 common practice is to implant an IOL in a region of the eye 
known as the capsular bag or posterior capsule after the 
natural lens has been removed. 

IOLs may be implanted in regions of the eye other than 
in the capsular bag. For example, monofocal IOLs, that is 

15 IOLs which have a single vision correction power, have been 
implanted in the anterior chamber at the front of the eye, 
even with the crystalline natural lens remaining in place. 
In addition, monofocal IOLs have been implanted in the 
posterior chamber even with the natural crystalline lens 

20 being present. Such monofocal IOLs are designed to correct 
a single vision deficiency, for example, myopia, present in 
the eye . 

Neilsen U.S. Patent 5,158,572 discloses a multifocal 
intraocular lens useful primarily as a replacement for the 

25 natural lens, for example, after a lens extraction 
operation in which the natural lens is removed. This 
patent very briefly discloses that the intraocular lens can 
in some cases be used as an adjunct to the natural lens. 
However, this patent does not disclose any further special 

30 or even specific characteristics of a multifocal 
intraocular lens used in conjunction with a natural lens as 
opposed to such a multifocal lens used after natural lens 
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extraction. 

Over time, as a human ages, the normal human eye 
gradually loses the ability to accommodate, that is to 
focus on objects located at different distances from the 
5 eye. This loss of accommodation is generally identified as 
presbyopia. The natural lens may remain clear and 
otherwise functional in directing light to the retina of 
the eye. In this situation, spectacles are often used to 
correct the presbyopia. In addition, there are varying 

10 degrees of presbyopia that are, at least generally, related 
to the age of the human subject. For example, early stages 
of presbyopia may occur in individuals in their twenties, 
and residual accommodation of the natural lens may remain 
in individuals in their sixties, seventies and beyond. 

15 Many people wish to avoid wearing spectacles, particularly 
in their younger years, to maintain a youthful appearance. 

It would be advantageous to provide an intraocular 
lens adapted for enhanced effectiveness in an eye including 
a natural lens. 

20 Summary of the Invention 

Intraocular lenses (IOLs) for use in mammalian eyes 
having natural lenses have been discovered. Such IOLs are 
particularly useful in phakic eyes in which the natural 
lens has lost a degree of accommodation or accommodative 

25 ability, that is in a partially presbyopic eye. The 
present IOLs have multiple optic powers, that is are 
multifocal, preferably having an optic power for each 
object distance at which an object is formed on the retina. 
The multifocal design of the lens preferably is 

3 0 mechanically fixed so that the multiple optical powers can 
operate substantially simultaneously. 

An important feature of the present IOLs is that they 
are configured to take into account the remaining 
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accommodation ability or capability of the natural lens so 
that enhanced vision is obtained irrespective of the degree 
of presbyopia present. Put another way, the present IOLs 
are configured or customized to take into account the 
5 specific degree of presbyopia present in the eye in which 
the IOL is to be implanted. The present IOLs can be made 
using conventional materials of construction and 
conventional manufacturing techniques and can be implanted 
in the eye using procedures which are conventionally 

10 employed in implanting other monofocal or multifocal IOLs, 
In one broad aspect of the present invention, IOLs are 
provided for use in mammalian eyes having natural lenses. 
Such IOLs comprise a lens body sized and adapted for 
placement in the eye and having a baseline optical power 

15 and at least one optical add power, preferably a plurality 
of different optical add powers. At least one of the 
optical add powers, preferably each of the add powers, is 
reduced compared to the baseline optical power of the lens 
body relative to the corresponding optical power of a 

20 similar intraocular lens adapted for placement in a similar 
eye in which the natural lens has been removed. Such 
reduced optical add power or powers provide only partial 
restoration of accommodation. In other words, the reduced 
optical power or powers of the IOL alone do not provide for 

25 full accommodation. However, the reduced optical power or 
powers of the present IOLs, when combined with the residual 
natural accommodative ability in the early or partial 
presbyopic phakic eye, provide enhanced vision, for 
example, enhanced near vision. 

30 In another broad aspect of the present invention, IOLs 

are provided for use in mammalian eyes including natural 
lenses having accommodative capability. The IOLs comprise 
a lens body sized and adapted for placement in the 
mammalian eye and having a baseline optical power and at 

35 least one optical add power, preferably a plurality of 
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different optical add powers. At least one of the optical 
add powers, preferably each of the optical add powers of 
the lens body has a magnitude so that the lens body when 
placed in the mammalian eye, in combination with the 
5 natural lens, provides enhanced vision. This enhanced 
vision continues as the accommodative capability of the 
natural lens in the eye decreases. Thus, the magnitude of 
the add power or powers of the lens body may provide only 
partial restoration of full accommodation in and of itself. 
However, when combined with the residual natural 
accommodative ability in the early presbyope, such IOL 
provides enhanced vision, for example, enhanced, or even 
substantially full, near vision or reading vision ability. 
Even after the early or partial presbyopic subject or 
presbyope progresses to full or absolute presbyopia, often 
after more than about five (5) or about ten (10) or about 
twenty (20) or more years, the reduced add power or powers 
of the present IOLs provide enhanced vision, for example, 
at intermediate distances. 

The IOLs in accordance with the present invention 
preferably provide a range of optical powers to allow 
focusing of distance, intermediate and near images on the 
retina. In one very useful embodiment the IOL has a 
simultaneous vision design, that is a concentric and 
cylindrically symmetric series of zones, such as annular 
zones, of varying optical power which provide additional or 
add power for vision at other than distance. 

The designed principal optical add power, in 
particular a near optical power, of the present IOLs 
preferably is less than the full optical power required for 
near reading in a pseudophakic subject, that is a subject 
not having a natural lens in place. This reduced power 
preferably is less than about 2 . 5 diopters in the spectacle 
plane. In a very useful embodiment, the designed principal 
optical add power of the IOL is reduced, which, in turn, 
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reduces the effects of halos around lights at night while 
providing acceptable near and/or intermediate vision 
correction . 

The present IOLs preferably provide continuous visual 
5 correction or enhancement from distance to near for early 
(or partial) presbyopes. However, late or absolute 
presbyopes gradually find a reduction in near vision 
capabilities employing the present IOLs. Thus, such late, 
or absolute, presbyopes may require additional vision, 

10 e.g., spectacle, assistance for specific near reading 
tasks. Regardless of the eventual loss of near vision, the 
additional optical power required for near work is less 
than that which would be required without the present IOLs . 
This reduced optical power requirement allows the use of 

15 bifocals or progressive spectacles which have fewer field 
distortions, image jumping and other deleterious visual 
effects. 

The present IOLs may be placed at any position along 
the optical axis of the eye. For example, the present IOLs 

20 can be carried by or secured to the cornea of the eye, for 
example, such as a corneal implant, e.g., inlay or onlay. 
Also, the IOLs can be placed posterior of the posterior 
chamber. The present IOLs may further comprise a fixation 
member or members coupled to the lens body and adapted to 

25 facilitate fixating the IOL in the eye. The fixation 
member or members preferably are adapted to be placed in 
the anterior chamber of a mammalian eye or in the posterior 
chamber of a mammalian eye. 

The more likely locations for the present IOLs are in 

3 0 the anterior chamber, for example, with a fixation member 
or members in the angle of the eye; in the anterior 
chamber, for example, with a fixation member or members 
located in contact with the peripheral iris; in the 
anterior chamber with a fixation member or members located 

35 through the iris into the posterior chamber and in contact 
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with the sulcus; or the posterior chamber between the iris 
and the natural lens with a fixation member or members in 
contact with the sulcus. 

The design of the present IOLS preferably provides 
5 that the lens body include a plurality of different regions 
each having an optical power, for example, a different 
optical power. The lens body may include a plurality of 
annular regions each having an optical power and extending 
radially outwardly from the central axis of the lens body. 

10 The lens body preferably is generally circular around the 
optical axis of the lens body, although other 
configurations and shapes may be employed and are within 
the scope of the present invention. 

The lens body preferably is configured so that at 

15 least one of the optical add powers is reduced by at least 
about 10%, and more preferably at least about 20% (in terms 
of diopters from a baseline distance correction optical 
power) relative to the corresponding optical power of the 
similar IOL adapted for placement in a similar eye in which 

20 a natural lens has been removed. Still more preferably, 
each of the add powers in the lens body is reduced by at 
least about 10% and even more preferably at least about 
20%, relative to the corresponding optical power of the 
similar IOL adapted for placement in a similar eye in which 

25 the natural lens has been removed. 

The present lens bodies preferably are deformable for 
insertion through a small incision into the mammalian eye. 
The lens bodies preferably comprise a polymeric material. 
In another broad aspect of the present invention, 

30 methods for treating presbyopia in a mammalian eye 
including a natural lens are provided. Such methods 
provide for placing in the mammalian eye an IOL including 
a lens body having a baseline optical power and at least 
one optical add power, preferably, a plurality of different 

35 optical add powers, so that the lens body, in cooperation 
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or combination with the natural lens, provides enhanced 
vision. Intraocular lenses as described herein may be 
employed in the present methods. The enhanced vision 
provided by such methods preferably is relative to the 
5 vision provided by the mammalian eye without the 
intraocular lens. The enhanced vision provided preferably 
is enhanced near vision, particularly in early or partial 
presbyopes. As noted above, as the subject progresses to 
full or absolute presbyopia, the enhanced vision provided 
10 by the present methods preferably is enhanced intermediate 
vision. 

Each and every feature described herein, and each and 
every combination of two or more of such features, is 
included within the scope of the present invention provided 

15 that the features included in such a combination are not 
mutually inconsistent. 

These and other aspects of the present invention are 
apparent in the following detained description and claims, 
particularly when considered in conjunction with the 

20 accompanying drawings in which like parts bear like 
reference numerals. 

Brief Description of the Drawings 

Fig. 1 is a side elevation view of an eye with an 
anterior chamber intraocular lens in accordance with the 
25 present invention implanted therein. 

Fig. 2 is a front plan view of the anterior chamber 
intraocular lens shown in Fig. 1. 

Fig. 3 is a plot of the power of the lens body of the 
intraocular lens shown in Fig. 1 versus distance from the 
30 optical axis of the intraocular lens. 

Fig. 4 is a side elavational view of an eye with a 
posterior intraocular lens in accordance with the present 
invention implanted therein. 
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Fig. 5 is a perspective view of the intraocular lens 
shown in Fig. 4. 

Fig, 6 is a side elevational view of an eye with 
another embodiment of an intraocular lens in accordance 
5 with the present invention implanted therein. 

Fig. 7 is a perspective view of the intraocular lens 
shown in Fig. 6. 



Detailed Description of the Drawings 

Referring now to Figs. 1, 2 and 3, an intraocular lens 

10 (IOL) according to the present invention, shown generally 
at 10 # includes a multifocal lens body 12 having a 
plurality of optical powers, as described hereinafter. 
Radially extending fixation members or haptics 14 terminate 
in distal ends 16. As shown in Fig. 1, intraocular lens 10 

15 is inserted in the anterior chamber 18 of eye 20 with the 
distal ends 16 of fixation members 14 in contact with the 
angle 22 of the iris 24. 

Any number of configurations can be employed for 
distal ends 16 of fixation members 14 in order to provide 

20 for effective fixation of intraocular lens 10 in anterior 
chamber 18. However, it is important that the 

configuration chosen be effective to provide for such 
fixation while, at the same time, not having an undue 
detrimental effect on the angle of the anterior chamber or 

25 on other components of eye 20. This is particularly true 
here since the intraocular lens 10 is useful in eyes 
suffering from the early stages of presbyopia. Thus, the 
intraocular lens 10 should be designed and configured for 
long term use, for example, in excess of about ten (10) or 

30 about twenty (20) or thirty (30) years or more, in eye 20. 
Various designs of fixation members have been suggested in 
the prior art to minimize the detrimental effects of having 
an intraocular lens in the anterior chamber of the eye. 



WO 00/66039 rci /USUU/1 

9 

Such designs may be employed in the present invention to 
achieve long term effectiveness of the present IOLs with 
reduced detriment to the eye caused by the presence of the 
intraocular lens. The fixation members 14 can be made of 
5 materials of construction, such as polymeric materials, for 
example, polypropylene, polymethyl methacrylate and the 
like, many of which are conventionally used in intraocular 
lens haptics. 

The lens body 12 may be constructed of rigid 

10 biocompatible materials such as polymethyl methacrylate 
(PMMA) , or flexible, deformable materials, such as silicone 
polymeric material, acrylic polymeric material, hydrogel 
polymeric material and the like, which enable the lens body 
to be rolled or folded before insertion through a small 

15 incision into the eye 20. Although the lens body 12 as 
shown is a refractive lens body, the present IOLs can 
include a diffractive lens body and such embodiment is 
included within the scope of the present invention. In 
addition, the power curve of lens body 12, seen in Fig. 3, 

20 is illustrative, but not limiting, of the present 
invention. In other words, lens bodies or optics in 
accordance with the present invention can have any suitable 
configurations and/or power curves effective to function, 
for example, to provide one or more benefits, as described 

25 herein. 

One important aspect of IOL 10 relates to the reduced 
add power of the optical powers of lens body 12 . This can 
be seen in Fig. 3. The power curve for the lens body 12 is 
shown as a solid line in Fig. 3. Specifically, the add 

30 power or magnitude of the optical power relative to the 
baseline or "X" axis of Fig. 3 is reduced relative to the 
add power of a similar lens body, shown in dashed lines in 
Fig. 3, of a similar IOL adapted for use in an eye in which 
the natural lens has been removed. Thus, the optical power 

35 of the lens body 12 remains relatively closer to the 
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baseline power (defined as the "X" axis in Fig. 3) as 
compared to the optical power of a similar lens body 
adapted for use in an eye in which the natural lens has 
been removed. Although the amount of reduction in the add 
5 power (relative to the above-noted similar lens adapted for 
use in an eye in which the natural lens has been removed) 
may be as little as about 10% or about 20%, such reduction 
in the add power is often greater than about 20% and can be 
in the range of about 30% to about 50% or more. 

10 This reduced add power of lens body 12, particularly 

with regard to near and/or intermediate vision correction 
regions, is of substantial importance in the present 
invention since the natural lens 50 often retains a degree 
of natural accommodating ability. 

15 Thus, IOL 10 is very effective when inserted into an 

eye of an early presbyope, that is into the eye of a 
subject (e.g., human) who suffers a degree of, but not 
total, presbyopia. The reduced add power of IOL 10 is 
effective, in combination with the remaining or residual 

20 accommodating ability of the natural lens 50, to provide 
for substantially full accommodation, particularly in the 
early presbyope in which the loss of accommodating ability 
is less than about 20% or about 30% or about 50%. The add 
powers of the lens body 12 are determined, controlled or 

25 based, at least in part, by one or more of the following 
factors: the degree of residual or remaining accommodating 
ability of the natural lens 50, the age of the subject in 
whose eye the IOL 10 is to be inserted, the vision needs of 
the subject, and the expected or anticipated life span of 

30 the subject, among other factors many of which are personal 
to the subject. Thus, the present IOL 10 is often 
customized to meet the specific and individual needs of the 
subject in whose eye the IOL 10 is to be inserted. 

Thus, for the early or partial presbyope, the lens 

35 body 12 provides enhanced vision, particularly for near 
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objects which such early presbyopes often have difficulty 
in viewing. Such enhanced near vision is provided without 
the need for spectacles or other vision aids which can have 
at least a perceived detrimental effect on the appearance 
5 of the subject. 

Further, even after the natural lens 50 has lost a 
more substantial portion or even all of its accommodating 
ability, the IOL 10 continues to provide enhanced vision, 
for example, enhanced vision in viewing objects at 

10 intermediate distances. The later or substantially 
complete presbyope may require spectacles for viewing near 
objects. However, the presence of IOL 10 in the eye 20 
allows use of bifocals and progressive spectacles which 
have reduced field distortions, image "jumping" and other 

15 detrimental visual effects. 

An additional advantage of the reduced add power of 
IOL 10 is a reduction in the effects of halos around 
lights, for example, when viewed from a distance, at night. 
One particular advantage of the anterior chamber IOL 

20 10 shown in Fig. 1 is that a substantial distance is 
maintained between the natural lens 50 and the lens body 
12. This distance is very effective in providing 
protection against the IOL 10 touching and possibly harming 
the natural lens 50. 

25 In the embodiment of Figs. 1 and 2, the lens body 12 

has a convex anterior surface 25 and a planar posterior 
surface 27; however, these configurations are merely 
illustrative. Although the vision correction power may be 
placed on either of the surfaces 25 or 27, in this 

3 0 embodiment, the anterior surface 25 is appropriately shaped 
to provide the desired vision correction powers. 

With particular reference to Fig. 3, the lens body 12 
has a central zone 28, inner and outer annular near zones 
29 and 30 and annular far zones 31, 32 and 33. In this 

35 embodiment, the central zone 28 is circular and the 
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peripheries of the annular zones 29-33 are circular. The 
annular zones 29-33 circumscribe the central zone 28 and 
the zones are contiguous. The zones 29-33 are concentric 
and coaxial with the lens body 12 . 
5 The zones 28-33 are used in describing the vision 

correction power of the lens body 12, and they are 
arbitrarily defined. 

Fig. 3 shows a preferred manner in which the vision 
correction power of the lens body 12 varies from the center 

10 or optical axis 3 9 of the lens body to the circular outer 
periphery 41 of the lens body. In Fig. 3, the vertical or 
"Y" axis represents the variation in diopter power of the 
lens body 12 from the baseline or far vision correction 
power, and the "X" or horizontal axis shows the distance 

15 outwardly from the optical axis 39, for example, in 
millimeters. Thus, the zero-diopter or baseline power of 
Fig. 3 is the power required for far vision for an IOL. 
The power variation shown in Fig. 3 is applicable to any 
surface point on lens body 12 at a fixed radial distance 

20 from the optical axis 39. In other words, the power at any 
given radial distance from the optical axis 39 is the same. 

The central zone 28 extends from the optical axis 3 9 
to a circular periphery 43, the inner annular near zone 29 
is considered as extending from the periphery 43 to a 

25 circular periphery 44, and the outer annular near zone is 
considered as extending from a periphery 45 to a periphery 
46. The annular far zone 31 extends between the 
peripheries 44 and 45, and the annular far zone 32 extends 
from the periphery 46 radially outwardly to a periphery 47. 

3 0 The annular zone 33 extends from the periphery 47 radially 
outwardly to the outer periphery 41 of the lens body 22. 

The negative diopter powers at the optical axis and 
the point 49 are of less power than is required for far 
vision and may be considered as far, far vision correction 
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powers. The actual correction provided by the plurality of 
optical powers will vary and depends, for example, on the 
amount of residual accommodative ability present in natural 
lens 50, among other factors. 
5 The apex 48 has a vision correction power for 

intermediate vision. The intermediate, far and far, far 
powers combine to provide a mean power in the central zone 
28 for far or distant vision. 

Within the inner annular near zone 29, the vision 

10 correction power varies from the periphery 43 to a plateau 
51, and from the plateau, the vision correction power 
varies back to the periphery 44 at the baseline. In the 
far zone 31, the vision correction power increases very 
slightly above the baseline and then proceeds to a far, far 

15 negative vision correction power at a point 53 at which the 
vision correction power reverses and returns to the 
baseline at the periphery 45. 

In the outer annular near zone 30, the power varies 
from the periphery 45 to a plateau 55 and returns from the 

20 plateau 55 to the baseline at the periphery 46. In the far 
zone 32, the power dips slightly below the baseline to a 
point 57 in the far, far correction region and then returns 
to the baseline at the outer periphery 47. The dips below 
the baseline to the points 53 and 57 in the far zones 31 

25 and 32 help support an increased depth of the focus of the 
central zone 28. 

The far zone 33 has a vision power that lies along the 
baseline and is configured for far vision. 

An alternate embodiment of an IOL in accordance with 

30 the present invention is shown in Figs. 4 and 5. Except as 
expressly described herein, this alternate IOL, shown 
generally at 110, is structured and functions similarly to 
IOL 10. Components of IOL 110 which correspond to 
components of IOL 10 are indicated by the same reference 

35 numeral increased by 100. 
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The primary difference between IOL 110 and IOL 10 
relates to positioning within the eye. Specifically, IOL 
110 is adapted to be placed in the posterior chamber 59, 
that is behind the iris 124 of eye 120. This is beneficial 
5 in that the haptics or fixation members 114 contact the eye 
at the sulcus 60 which is substantially more resistant to 
damage than is the angle of the iris in the anterior 
chamber. Thus, the fixation members 114 are less likely to 
cause damage to the eye than are the fixation members 14 of 
10 IOL 10. This is important since the IOLs in accordance 
with the present invention are often to be used on a long 
term basis, e.g., for about twenty (20) or about thirty 
(30) or more years. 

The fixation members 114, because of their placement, 
15 may be somewhat different in structure than the fixation 
members 14 . 

In addition, as shown best in Fig. 4, the lens body 
112 is a convex/concave lens. The concave posterior face 
127 is so configured to provide some degree of space 

20 between natural lens 150 and lens body 112. Again, it is 
important that the lens body 112 be spaced apart from the 
natural lens 150 in order to avoid damaging the natural 
lens. The multifocal structure of the lens body 112 
preferably is present on the convex anterior face 125 of 

25 the lens body 112. 

IOL 110 performs substantially similarly to IOL 10, to 
provide enhanced vision both for the early presbyope 
subject and the subject who is in the later stages of 
presbyopia or is a substantially full or complete 

30 presbyope, as described above. 

Figs. 6 and 7 show another embodiment of an IOL in 
accordance with the present invention. Except as expressly 
described herein, this further embodiment of the present 
IOLs, shown as 210, is structured and functions similarly 

35 to IOL 10. Components of IOL 210 which correspond to 
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components of IOL 10 are indicated by the same reference 
numeral increased by 200. 

In general, the further embodiment of IOL 210 provides 
that the lens body 212 is located in the anterior chamber 
5 but the fixation members are structured so as to contact 
the sulcus 62 in the posterior chamber 64 of the eye 220. 
This feature provides for both increased spacing between 
the lens body 212 and the natural lens 250 and, in 
addition, allows the fixation members 214 to come in 

10 contact with the more sturdy sulcus 62 in fixating the IOL 
210 in the eye 220. 

Fig. 7 shows IOL 210 comprised of a lens body 212, and 
two opposing elongated fixation members or haptics 214. 
Each fixation 214 has a proximal segment 66 attached to the 

15 lens body 212 near the periphery of the lens body. Each 
fixation member also has a distal segment 68 and an 
intermediate segment 70 joining the proximal segment 66 and 
the distal segment. The distal segment 70 preferably is 
more flexible than the other portions of each of the 

20 fixation member 214. For example, distal segment 68 can 
have a reduced cross -sectional area relative to the cross - 
sectional areas of intermediate segment 70 and proximal 
segment 66. 

The lens body 212 in the shown embodiment is circular 

25 in plan and bi- convex. 

Each fixation member 214 defines an arc that extends 
generally normal to the optical axis 23 9. Each has a 
discontinuity or a through- iris portion 72 of the 
intermediate segment 70. The through-iris portion 72 

30 extends generally parallel to the optical axis 239. Other 
embodiments of the invention may have other suitable 
arrangements for the fixation members 214 and the through- 
iris portions 72. In the shown embodiment, the haptics 214 
are symmetrical. Other embodiments of the invention may 

35 have non- symmetrical fixation members. In the shown 
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embodiment of the invention, the fixation members 214 
extend generally tangent ially away from the lens body. 
Other embodiments of the invention may have fixation 
members 214 attached to the lens body 212 which extend in 
5 a non- tangential fashion. 

The through- iris portions 72 may extend in any 
suitable direction other than normal to the optical axis 
239. In the shown embodiment of the invention, each 
through- iris portion 72 includes a straight member 

10 extending generally parallel to the optical axis 239. 

Referring now to Fig. 6, the IOL 210 is shown 
implanted in the eye 220. Prior to implantation, an 
iridotomy is performed to form the holes 80 that extend 
through the iris 224 near the outer periphery of the iris. 

15 The iridotomy holes improve fluid flow between the anterior 
chamber 218 and the posterior chamber 64. The holes 80, as 
shown, extend through the iris 224 generally parallel to 
the optical axis 239. 

The IOL 210 is implanted such that the lens body 212 

20 and the proximal segments 66 of the fixation members 214 
are disposed in the anterior chamber 218. With the lens 
body 212 in the anterior chamber 218, there is a reduced 
opportunity for the IOL 210 to contact the natural lens 250 
and initiate papillary block and cataract formation. 

25 Further, the distal segments 68 of fixation members 214 are 
disposed in the posterior chamber 64 against the sulcus 62, 
which reduces the incidence of harm to the angle of the 
anterior chamber. 

Further details of IOLs having fixation members and 

30 being positioned in the eye as IOL 210 are provided in 
commonly assigned U.S. Patent application Serial No. 
09/166,328 filed October 5, 1998, the disclosure of which 
is incorporated herein in its entirety by reference. 

IOL 210 performs substantially similarly to IOL 10, to 

35 provide enhanced vision both for the early presbyope 
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subject and the subject who is in the later stages of 
presbyopia or is a substantially full or complete 
presbyope, as described above. 

The present IOLs very effectively provide for enhanced 
5 vision for presbyopes whether in the early or partial 
stages of the condition or in the latter or even 
substantially complete stages. Thus, because of the 
reduced powers of the present multifocal lens bodies, the 
present IOLs can be implanted into an eye having an early 

10 or partial form of presbyopia. At this stage, the reduced 
optical power or powers, in combination with the remaining 
accommodation ability of the natural lens in the eye, 
preferably provide for a restoration of full accommodation 
so that the subject can read and perform other near vision 

15 activities without the need for spectacles or other vision 
aids. As the presbyopia progresses over time with 
advancing age of the subject, the amount of residual 
accommodation in the natural lens continues to be reduced. 
However, the present IOLs are very effective in providing 

20 for enhanced vision to the subject, particularly at 
intermediate distances. At this stage, reading or other 
near vision activities may require spectacles. Also, 
because the present IOLs are designed to maintain the eye 
in good condition and the natural lens in good condition, 

25 there is reduced risk that further ocular surgery will be 
required, for example, to remove the natural lens. 

While this invention has been described with respect 
to various specific examples and embodiments, it is to be 
understood that the invention is not limited thereto and 

30 that it can be variously practiced within the scope of the 
following claims. 
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WHAT IS CLAIMED IS: 

1. An intraocular lens for use in a mammalian eye 
having a natural lens, the intraocular lens comprising: 

a lens body sized and adapted for placement in 
the eye, and having a baseline optical power and at least 
5 one optical add power, the at least one optical add power 
is reduced relative to the corresponding optical power of 
a similar intraocular lens adapted for placement in a 
similar eye in which the natural lens has been removed. 

2 . The intraocular lens of claim 1 which includes a 
plurality of different optical add powers, each of the 
different optical add powers being reduced relative to the 
corresponding optical power of a similar intraocular lens 

5 adapted for placement in a similar eye in which the natural 
lens has been removed. 

3 . The intraocular lens of claim 1 which further 
comprises a fixation member coupled to the lens body and 
adapted to facilitate fixating the intraocular lens in the 
eye. 

4 . The intraocular lens of claim 1 wherein the lens 
body has a first optical add power for near vision. 

5. The intraocular lens of claim 4 wherein the lens 
body has a second optical add power intermediate between 
the first optical add power and the baseline optical power. 

6. The intraocular lens of claim 1 wherein the lens 
body includes a plurality of different regions each having 
an optical add power. 
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7. The intraocular lens of claim 1 wherein the at 
least one optical add power is reduced by at least about 
10% relative to the corresponding optical power of a 
similar intraocular lens adapted for placement in a similar 

5 eye in which the natural lens has been removed. 

8. The intraocular lens of claim 1 wherein the lens 
body is adapted to be placed in an anterior chamber of the 
eye . 

9. The intraocular lens of claim 3 wherein the 
fixation member is adapted to be placed in an anterior 
chamber of the eye. 

10. The intraocular lens of claim 1 wherein the lens 
body is adapted to be placed in a posterior chamber of the 
eye . 

11. The intraocular lens of claim 3 wherein the 
fixation member is adapted to be placed in a posterior 
chamber of the eye. 

12 . The intraocular lens of claim 1 wherein the lens 
body is deformable for insertion through a small incision 
into the eye. 

13 . An intraocular lens for use in a mammalian eye 
including a natural lens having an accommodative 
capability, the intraocular lens comprising: 

a lens body sized and adapted for placement in 
5 the mammalian eye, and having a baseline optical power and 
at least one optical add power, the at least one optical 
add power having a magnitude so that the lens body when 
placed in the mammalian eye, in combination with the 
natural lens, provides enhanced vision. 
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14 . The intraocular lens of claim 13 which further 
comprises a fixation member coupled to the lens body and 
adapted to facilitate fixating the intraocular lens in the 
eye. 

15. The intraocular lens of claim 13 wherein the at 
least one optical add power has a magnitude which is 
reduced to take account of the accommodation capability of 
the natural lens. 

16. The intraocular lens of claim 15 wherein the at 
least one optical add power includes a near vision optical 
power . 

17. The intraocular lens of claim 13 wherein the lens 
body is adapted to be placed in an anterior chamber of the 
eye . 

18 . The intraocular lens of claim 14 wherein the 
fixation member is adapted to be placed in an anterior 
chamber of the eye. 

19. The intraocular lens of claim 13 wherein the lens 
body is adapted to be placed in a posterior chamber of the 
eye . 

20. The intraocular lens of claim 14 wherein the 
fixation member is adapted to be placed in a posterior 
chamber of the eye. 

21. The intraocular lens of claim 13 wherein the lens 
body is deformable for insertion through a small incision 
into the eye. 
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22. A method for treating presbyopia in a mammalian 
eye including a natural lens, the method comprising: 

placing in the eye an intraocular lens including 
a lens body having a baseline optical power and at least 
5 one optical add power so that the lens body, in cooperation 
with the natural lens, provides enhanced vision. 

23. The method of claim 22 wherein the enhanced 
vision provided is relative to the vision provided by the 
eye without the intraocular lens. 

24. The method of claim 22 wherein the at least one 
optical add power has a magnitude which is reduced to take 
account of the accommodation capability of the natural 
lens . 

25. The method of claim 22 wherein the at least one 
optical add power is reduced relative to the corresponding 
optical power of a similar intraocular lens adapted for 
placement in a similar eye in which the natural lens has 

5 been removed. 
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